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Objective: Abnormalities in retinal vessels are frequent, but its association with ﬁndings in other vascular
sites has been scarcely investigated. This study aimed to examine the association between ultrasound-
measured carotid intima-media thickness (IMT) and retinal arteriolar and venular diameters, in hyper-
tensive patients.
Methods: In this cross-section study, 173 hypertensive patients had both retinography taken and digitized
to determine vessel diameters by an edge-detecting computerized method and carotid ultrasound for
semi-automated carotid IMT measurement. The association between the mean common carotid IMT and
retinal arterioles and venules diameters was assessed by using multiple linear regression models.
Results: The mean (SD) arteriolar and venular diameters were 102. 8 (11.6) mm and 128.9 (15.5) mm,
respectively, and common carotid IMT was 0.87 (0.19) mm. A signiﬁcant and independent association
was demonstrated for carotid IMT and retinal arteriolar caliber (adjusted b 0.245, p ¼ 0.001) and for
carotid IMT and retinal venular caliber (adjusted b 0.191, p ¼ 0.009) after controlling for age, gender,
systolic blood pressure, total cholesterol and HDL (high-density lipoprotein) cholesterol, prior cardio-
vascular disease, carotid plaque and the retinal fellow vessel.
Conclusion: In patients with hypertension, carotid intima-media thickness, a marker of macrovascular
damage, is signiﬁcantly and independently associated with microvascular damage, determined by retinal
arteriolar and venular calibers.
 2013 Elsevier Ireland Ltd. All rights reserved.1. Introduction
Carotid intima-media thickness (IMT), measured by ultrasound,
is associated with clinical risk factors of atherosclerosis [1] and is a
predictor of future cardiovascular events [2]. Measurement of ca-
rotid IMT has been used for risk assessment in asymptomatic pa-
tients at the intermediate risk range, determined by clinical risk
scores [3]. Carotid IMT is also a predictor of cardiovascular events inram in Cardiology, School of
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om, ftorres@hcpa.ufrgs.br
nd Ltd. All rights reserved.hypertensive patients with established cardiovascular disease [4].
However, in patients with hypertension, the association between
abnormalities in medium sized vessels, such as the carotid arteries,
and microvascular retinal changes has been poorly investigated
[5,6].
The visualization of retinal vessels allows non-invasive evalua-
tion of the microvasculature and it has been used in the assessment
of target organ damage in patients with hypertension [7]. The
development of computer-assisted measurement of retinal arteri-
olar and venular diameters has allowed the reproducible docu-
mentation of vascular damage evaluation in these patients [8,9].
Although retinal vessel caliber has been associated with the inci-
dence of hypertension [10], coronary heart disease [11], stroke [12]
and cardiovascular mortality [13], other non-invasive tools are
usually employed to assess cardiovascular risk [3].
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retinal arteriolar diameter and a direct association between retinal
venular caliber and carotid intima-media thickness. The purpose of
this study is, therefore, to assess the association between common
carotid intima-media thickness, as assessed by carotid ultrasound,
and the retinal arteriolar and venular diameters, as assessed by a
semi-automated microdensitometric method, in patients with
hypertension.
2. Methods
This cross-sectional study was conducted in the hypertension
outpatient clinic of the Division of Cardiology, of Hospital de
Cli
́
nicas de Porto Alegre (Porto Alegre, Brazil). The study was
approved by the Ethics Committee of our Institution, which is
accredited by the Ofﬁce of Human Research Protections as an
Institutional Review Board, and all patients signed a written
informed consent for participation.
The studied population was selected from a consecutive sample
of patients screened for participation in a randomized clinical trial
of approaches to control hypertension [14]. Inclusion criteria were
age between 18 and 80 years and hypertension. Exclusion criteria
were secondary hypertension, chronic renal failure on renal
replacement therapy, chronic heart failure, class III or IV of the New
York Heart Association, or a history of acute coronary syndrome or
stroke in the previous six months.
Patients underwent to an extensive demographic and clinical
data collection. Patients with history of percutaneous coronary
intervention or coronary revascularization, carotid endarterectomy,
myocardial infarction, angina, heart failure, stroke, and transient
ischemic attack were considered as having cardiovascular disease.
Diabetes mellitus was deﬁned as fasting plasma glucose of at least
126 mg/dl in two occasions or use of anti-diabetic drugs. Blood
pressure (BP) was measured with an ofﬁce aneroid sphygmoma-
nometer and the mean values were estimated after an average of
six measurements in three different visits, according to standard
measurements of BP [7]. Normotensive patients on BP-lowering
medication and those with severe hypertension (180/
110 mmHg) or evidence of clinical disease were classiﬁed on the
occasion of the ﬁrst visit. In addition, all patients underwent 24-h
ambulatory blood pressure monitoring (ABPM) using a monitor
(Spacelabs 90207; Spacelabs Healthcare, Redmond, Washington,
USA) programmed to take measurements every 15 min from 0700
to 2300 h and every 20 min from 2300 to 0700 h. Ofﬁce hyper-
tension was deﬁned as BP of at least 140/90 mmHg or use of BP-
lowering medications and ABPM hypertension as 24-h blood
pressure of at least 130/80 mmHg [15].
Retinography was obtained using Topcon TVR-50 retinal camera
(Topcon, Japan) in a 35-degree angle focusing in the posterior pole
and the four quadrants (superior-nasal, inferior-nasal, superior-
temporal, and inferior-temporal) after pharmacologic pupil dilation
(20 min after instillation of tropicamine). The color slides were
digitized in a 35-mm ﬁlm scanner Hewlett Packard model Photo
Smart 20S (Hewlett Packard, Andover, MA) with a resolution of 600
dots per inch. Images were stored in 24 bits (true color). To enhance
contrast of the retinal vessels against the retinal pigment epithe-
lium, the green channel of the bitmap was selected. Details of the
microdensitometric method, which uses subpixel resolution to
identify vessels edge, were reported elsewhere [8]. The inner zone,
which corresponds to the distance between one half of the optic
disc diameter to one full disc diameter, was used for measurement
of retinal and venular caliber [8].
Measurements of carotid IMT were performed with patients in
the supine position using an EnVisor HD (Philips Medical, Andover,
MA, USA) ultrasound system, equipped with a 5e12 MHz linearprobe, according to standard recommendations [16,17]. The carotid
arteries were segmented in carotid bulb (1 cm proximal to the ﬂow
divider), internal carotid artery (1 cm distal to the ﬂow divider) and
common carotid artery (between 1 and 2 cm proximal to the tip of
the ﬂow divider). Initially, a longitudinal and cross-sectional review
of all three carotid segments was performed in order to document
the presence of carotid plaques, deﬁned as a focal structure that
encroaches into the arterial lumen of at least 0.5 mm or 50% of the
surrounding intima-media thickness or demonstrated a thickness
of greater than or equal to 1.5 mm [17]. Carotid IMT was then
measured in the far wall of both right and left common carotid
arteries, using an optimal angle of incidence, with at least one
complimentary projection. Longitudinal static images were
analyzed using an automated software (Carotid Analyzer for
Research, Medical Imaging Applications, Medical Imaging Appli-
cations LLC, USA). Carotid IMT value was calculated by averaging
the left and right mean common carotid IMT [17]. A single inves-
tigator, blinded to patient’s clinical characteristics and retinal
measurements, acquired and analyzed all carotid measurements.
2.1. Sample size calculation and statistical analysis
The sample size calculationwas based on correlation coefﬁcient,
calculated in the Epidemiological Analysis of Tabulated Data (EPI-
DAT, PAHO/WHO, version 3.1). In order to detect a correlation of at
least 0.2 between arteriolar caliber and IMT of the carotid arteries,
assuming 80% power and 0.05 alpha, it would be necessary a
sample of 153 patients.
Values were described as mean (standard deviation, SD) or
number of patients (percentage). Correlation between the arteri-
olar and venular caliber and carotid IMT was tested using Pearson
product moment correlation (r). The association between the
arteriolar and venular caliber and carotid IMT was tested using
multiple regression analysis. The multiple regression model
included age, gender, blood pressure, and variables correlated with
both retinal arteriolar and venular caliber and carotid IMT, in the
univariate analysis. The fellow vessel caliber (i.e., venular caliber
when the dependent variable was the arteriolar caliber, and vice-
versa) was also included in the multiple regression models [18].
The Statistical Program for Social Sciences, version 19.0 (SPSS Inc.,
Chicago, IL, USA) was used for analysis.
Intra-class correlation coefﬁcient was used to assess the intra-
reader reproducibility of carotid IMT measurements in 32 consec-
utive patients. Excellent intra and inter-reader reproducibility of
retinal vascular measurement using the microdensitometric
method has been reported previously [8,19].
3. Results
One hundred and seventy three patients had both retinography
and carotid ultrasound done, out of 216 eligible patients, between
April 2007 and April 2008. Participants were predominantly
middle-aged, mostly women, and with no previous cardiovascular
disease (Table 1). The mean retinal arteriolar and venous calibers
were 102. 8 (11.6) mm and 128.9 (15.5) mm, respectively, and the
mean common carotid IMT was 0.87 (0.19) mm (Table 2).
Mean common carotid IMT measurement showed excellent
intra-reader reproducibility, with an intra-class correlation coefﬁ-
cient of 0.970 (95%CI 0.940e0.985).
Univariate correlation between retinal vessel caliber and age,
gender, systolic blood pressure, total cholesterol, high-density li-
poprotein (HDL) cholesterol, prior cardiovascular disease, carotid
IMT and carotid plaque are shown in Table 3. There was no
statistically-signiﬁcant correlation between retinal arteriolar
(r¼0.117, P¼ 0.13) and venular (r¼ 0.131, P¼ 0.09) diameters and
Table 3
Univariate correlation between retinal arteriolar and venular caliber and age, sex,
24-h systolic blood pressure, total cholesterol, HDL cholesterol, prior cardiovascular
disease, intima-media thickness carotid plaque.
Variable Retinal
arteriolar
caliber
P value Retinal
venular
caliber
P value
Age (years) 0.103 0.178a 0.084 0.273a
Sex (male) 0.115 0.131b 0.082 0.282b
24-h Systolic blood
pressure (mmHg)c
0.126 0.100b 0.053 0.487b
Total cholesterol (mg/dL) 0.100 0.188a 0.188 0.013a
HDL cholesterol (mg/dL) 0.017 0.827b 0.130 0.088b
Prior cardiovascular disease 0.068 0.376b 0.032 0.677b
Intima-media thickness 0.117 0.126a 0.131 0.086a
Carotid plaque 0.047 0.537b 0.125 0.103b
HDL, high-density lipoprotein.
a Pearson’s correlation coefﬁcient.
b Spearman’s correlation coefﬁcient.
c Mean 24 h, measured by ambulatory blood pressure monitoring.
Table 1
Characteristics of the patients studied, stratiﬁed by sex [mean (SD) or n (%)].
Characteristics Patients (n ¼ 173)
Age (years) 57.8  11.7
Male sex 54 (31.2)
Caucasian 120 (69.4)
Body mass index (kg/m2) 30.6  5.5
Current or ex-smoker 76 (43.9)
Total cholesterol (mg/dL) 207.8 (45.6)
HDL cholesterol (mg/dL) 55.4 (21.3)
Non-HDL cholesterol (mg/dL) 152.5 (46.9)
24-h Systolic blood pressure (mmHg)a 130.9  14.7
24-h Diastolic blood pressure (mmHg)a 77.6  10.0
Use of BP lowering medication 160 (92.5)
Diabetes mellitus 37 (21.4)
Prior cardiovascular disease 40 (23.1)
Framingham Risk Scoreb
Low 74 (42.8)
Intermediate 47 (27.2)
High 52 (30.0)
BP, blood pressure; HDL, high-density lipoprotein.
a Measure by ambulatory blood pressure monitoring.
b Framingham Risk Score categories are deﬁned according to the estimated 10-
year cardiovascular risk, as follows: Low, <10%; Intermediate, 10e20%; High, >20%.
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founding factors. The association between retinal vessel caliber and
carotid IMT became statistically signiﬁcant after controlling for age,
gender, systolic blood pressure, total cholesterol, HDL-cholesterol,
prior cardiovascular disease, carotid plaque and the fellow vessel
(Tables 4 and 5).
4. Discussion
We demonstrated an independent association between retinal
vessel calibers and mean common carotid IMT in patients with
hypertension. Carotid intima-media thickness was inversely asso-
ciated with retinal arteriolar diameters and directly associated
with retinal venular diameters, demonstrating that vascular
damage occurs in parallel in large arteries and in the microcircu-
lation. Retinal arterial narrowing, an indicator of microvascular
damage due to, but not limited to, aging and hypertension, reﬂects
intimal thickening and medial hyperplasia, hyalinization and
sclerosis [20]. Since patients with hypertension present similar
pathological abnormalities in other vascular sites [21,22], exami-
nation of retinal arterioles allows the assessment of the systemic
microcirculation [23].Table 2
Retinal calibers assessed by microdensitometric method and carotid ultrasound
measurement in 173 patients, stratiﬁed by sex [mean (SD) or n (%)].
Measurement All patients
(n ¼ 173)
Males
(n ¼ 54)
Females
(n ¼ 119)
Arteriolar diameter (mm) 102. 8 (11.6) 101.6 (10.0) 103.4 (12.2)
25th percentile 95.1 94.1 97.6
50th percentile 102.2 100.0 103.3
75th percentile 109.5 108.6 109.8
Venous diameter (mm) 128.9 (15.5) 130.9 (13.8) 127.9 (16.1)
25th percentile 119.8 122.1 118.6
50th percentile 127.9 129.6 127.0
75th percentile 138.2 140.6 137.4
Mean common carotid
IMT (mm)
0.87 (0.19) 0.94 (0.20) 0.83 (0.17)
25th percentile 0.75 0.79 0.73
50th percentile 0.83 0.89 0.82
75th percentile 0.97 1.08 0.95
Carotid Plaque 88 (50.9) 29 (53.7) 59 (49.6)
IMT, intima-media thickness.The development of semi-automated methods for quantifying
retinal vascular changes has allowed a more precise evaluation of
retinal microvascular disease [24] and its association with cardio-
vascular events [11e13]. Ultrasound evaluation of the carotid ar-
teries, on the other hand, is usually employed to assess increased
IMTor carotid plaques. The correlation between IMTand traditional
risk factors is well established as well as the association between
IMT and hard cardiovascular outcomes [25]. In addition, an autopsy
analysis of 111 subjects (44% with hypertension) conﬁrmed that
common carotid IMT can reﬂect advanced atherosclerotic changes
at other arterial beds, including the coronary, cerebrovascular and
aorto-iliac sites, which are not solely reﬂective of physiologically
adaptive vascular responses [26].
Our results strengthen the link between elevated blood pressure
and widespread vascular damage by demonstrating an indepen-
dent association of markers of vascular damage in the retina and in
the carotid arteries. One must notice that the strength of this as-
sociation is modeled by a number of factors and it is difﬁcult to
predict damage in one vascular site exclusively based on the ﬁnd-
ings of the other. This concept is mirrored by the slightly different
predictive value of common and internal carotid IMT for stroke and
for myocardial infarction [27].
A few studies have analyzed the association between retinal
vascular abnormalities andmarkers of atherosclerosis in the carotid
arteries in hypertensive patients. In a study including 437 never-
treated hypertensive patients, Cuspidi and colleagues [5] exam-
ined the association between evidence of target organ damage,
including carotid ultrasound, with retinal microvascular changes,Table 4
Multiple linear regression model of carotid IMTon retinal arteriolar caliber, adjusted
by age, sex, 24-h systolic blood pressure, total cholesterol, HDL cholesterol, prior
cardiovascular disease and carotid plaque.
Characteristics Adjusted b P value
Carotid IMT (mm) 0.245 0.001
Age (years) 0.199 0.003
Sex (male) 0.061 0.312
24-h Systolic blood pressure (mmHg)a 0.058 0.324
Total cholesterol (mg/dL) 0.12 0.834
HDL cholesterol (mg/dL) 0.066 0.264
Prior cardiovascular disease 0.118 0.035
Carotid plaque 0.051 0.414
Retinal venular caliber (mm) 0.673 <0.001
Model R2 ¼ 0.501 <0.001
HDL, high-density lipoprotein; IMT, intima-media thickness.
a Mean 24 h, measured by ambulatory blood pressure monitoring.
Table 5
Multiple linear regression model of carotid IMT on retinal venular caliber, adjusted
by age, sex, systolic blood pressure, total cholesterol, HDL cholesterol, prior car-
diovascular disease and carotid plaque.
Characteristics Adjusted b P value
Carotid IMT (mm) 0.191 0.009
Age (years) 0.133 0.050
Sex (male) 0.089 0.144
Systolic blood pressure (mmHg)a 0.072 0.227
Total cholesterol (mg/dL) 0.105 0.077
HDL cholesterol (mg/dL) 0.044 0.458
Prior cardiovascular disease 0.096 0.090
Carotid plaque 0.052 0.403
Retinal arteriolar caliber (mm) 0.685 <0.001
Model R2 ¼ 0.492 <0.001
HDL, high-density lipoprotein; IMT, intima-media thickness.
a Mean 24 h, measured by ambulatory blood pressure monitoring.
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association between IMT or carotid plaque with arteriovenous
crossings, and concluded that fundoscopic examination has a
limited clinical value to detect target organ damage in patients with
grade 1 and 2 hypertension [5]. Our study, on the other hand,
assessed the presence of arteriolar narrowing and venouswidening
and we were able to demonstrate an independent association of
both vessel calibers with carotid IMT. In the study by Cuspidi and
colleagues [5], patients with diffuse arteriolar narrowing were
included in the same group of patients with normal arteriolar-to-
venous ratio and, therefore, the direct association between this
parameter and carotid IMT could not be assessed. More recently,
Song and colleagues [6] assessed the predictive value of retinal
vascular ﬁndings for carotid artery atherosclerosis in 179 patients
who underwent to fundoscopic examination for different reasons.
Patients with hypertensive retinopathy (n ¼ 26), according to
Keith-Wagener-Baker stages I and II, had an increased IMT in
comparison to control subjects (n ¼ 44), but this association was
not adjusted for confounding factors. In addition, details on how
the optic fundus was examined and its reproducibility were not
provided, limiting the applicability of the results. In the present
study, we used a validated and highly reproducible semi-
automated microdensitometric method [8,19] to assess retinal
vascular caliber, a method that has been shown to perform better
that direct ophthalmoscopy for the detection of arteriolar nar-
rowing [24].
Retinal arteriolar narrowing has been regarded as a marker of
chronic vascular damage from elevated blood pressure [10]. In the
present study, systolic blood pressure, as assessed by mean 24-h
ABPM, was not an independent predictor of retinal arteriolar
diameter in the multiple linear regression model. Since 92% of our
patients were taking anti-hypertensive medication and the mean
24-h blood pressure was approximately 131/78 mmHg, we may
speculate that the vascular damage related to an elevated blood
pressure in our sample may have been inﬂuenced by the pharma-
cological blood pressure therapy. Nonetheless, carotid IMT was
found to be an independent and signiﬁcant predictor of retinal
arteriolar diameter, suggesting that the relationship between hy-
pertension and vascular damage is indeed modeled by different
factors depending on the vascular site. Retinal venular diameter, on
the other hand, has been associated with obesity [28], metabolic
syndrome [29,30] and other cardiovascular risk factors [29]. In our
study, carotid IMT remained a signiﬁcant predictor of venular
caliber in the multiple regression model, suggesting that venular
caliber may also mirror widespread vascular damage in patients
with hypertension. Taken together, these ﬁndings support the
concept that retinal vessel diameter may reﬂect lifetime cumulativeeffects of various and different vascular process on the microvas-
culature [28].
The present investigation has some limitations. We used mean
common carotid IMT because it is generally feasible to be used in
clinical practice and its use has been recommended [17]. Intima-
media thickness of the internal carotid artery was not evaluated
since it is generally more time consuming and measurement of
common carotid IMT appears to be as good as a more elaborate
carotid IMT measure in predicting cardiovascular risk [31,32]. Data
on triglyceride levels were not available and it could not be added
to the multivariate models as adjustors. In addition, our sample
included hypertensive patients screened for a randomized clinical
trial and therefore our results may have limitations regarding its
external validity.
In conclusion, in patients with hypertension, increased carotid
intima-media thickness, a marker of macrovascular damage, is
signiﬁcantly and independently associated with microvascular
damage identiﬁed by reduced retinal arteriolar and increased
retinal venular calibers.
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